Background and Aim: Colorectal endoscopic submucosal dissection (ESD) remains challenging because of technical difficulties, long procedure time, and high risk of adverse events. To facilitate colorectal ESD, we developed tractionassisted colorectal ESD using a clip and thread (TAC-ESD) and conducted a randomized controlled trial to evaluate its efficacy.
Background and Aim: Colorectal endoscopic submucosal dissection (ESD) remains challenging because of technical difficulties, long procedure time, and high risk of adverse events. To facilitate colorectal ESD, we developed tractionassisted colorectal ESD using a clip and thread (TAC-ESD) and conducted a randomized controlled trial to evaluate its efficacy.
Methods: Patients with superficial colorectal neoplasms (SCN)
≥20 mm were enrolled and randomly assigned to the conventional-ESD group or to the TAC-ESD group. SCN ≤50 mm were treated by two intermediates, and SCN >50 mm were treated by two experts. Primary endpoint was procedure time. Secondary endpoints were TAC-ESD success rate (sustained application of the clip and thread until the end of the procedure), self-completion rate by the intermediates, and adverse events.
Results: Altogether, 42 SCN were analyzed in each ESD group (conventional and TAC). Procedure time (median [range]) for the TAC-ESD group was significantly shorter than that for the conventional-ESD group (40 min vs 70 min, respectively; P < 0.0001). Success rate of TAC-ESD was 95% (40/42). The intermediates' self-completion rate was significantly higher for the TAC-ESD group than for the conventional-ESD group (100% [39/ 39] vs 90% [36/40], respectively; P = 0.04). Adverse events included one intraoperative perforation in the conventional-ESD group and one delayed perforation in the TAC-ESD group.
INTRODUCTION
C OLORECTAL CANCER IS the fourth most common cause of cancer-related mortality worldwide, 1 and its burden is expected to increase. 1, 2 Decreasing trends are seen in highly developed countries, however, because of widespread use of colonoscopy and endoscopic resection of colorectal polyps. [3] [4] [5] Although most colorectal polyps can be cured by endoscopic resection, large superficial colorectal neoplasms (SCN) are sometimes difficult to resect. 6 Piecemeal endoscopic mucosal resection (EMR) or surgery is a standard technique for treating large SCN in Western countries, but the recurrence rate after piecemeal EMR cannot be ignored (16%). 6 Also, surgery is unnecessarily invasive because most SCN are confined to the mucosa, without lymph node metastasis. 7 Endoscopic submucosal dissection (ESD) for large SCN -which achieves high complete resection and low recurrence rate (0.4-1.0%) 8, 9 -was developed and recognized as a standard treatment in Japan. In Western countries, however, ESD is not popular because of technical difficulty, longer procedure time, and higher risk of adverse events than with EMR. [8] [9] [10] Even in Japan, it would be challenging for less-experienced operators because visualization of appropriate operating site and maintaining good maneuverability are difficult. 11, 12 We therefore developed a novel, simplified traction method-traction-assisted colorectal ESD using a clip-and-thread (TAC-ESD)-to facilitate colorectal ESD. [13] [14] [15] We reported its feasibility previously.
14, 15 Here, we report the results of a prospective randomized trial conducted to evaluate the efficacy of TAC-ESD.
METHODS

Study design
T HIS STUDY WAS designed as a randomized controlled trial at the Osaka International Cancer Institute, Japan. The ethics committee approved the protocol. The study was registered in the University Hospital Medical Network Clinical Trials Registry (UMIN000018612). This manuscript was designed according to the Consolidated Standards of Reporting Trials 2010 Statement. All authors had access to study data, and approved the manuscript.
Participants
We considered patients eligible for enrolment if they had SCN (adenoma or adenocarcinoma) ≥20 mm that were difficult to be removed en bloc with EMR. Consecutive patients referred to two physicians with expertise in colorectal ESD (Y.T., N.U.) were considered for enrolment. Patients were excluded if they had: (i) SCN predicted to be submucosal cancer; (ii) SCN in proximity to the ileocecal valve, appendiceal orifice or diverticulum; (iii) local recurrence after endoscopic resection; (iv) inflammatory bowel disease or familial adenomatous polyposis; and/or (v) a bleeding tendency or severe organ failure. If the patients had multiple SCN that should be resected by ESD, only proximal SCN (1 lesion per 1 patient) was included in this study. Written informed consent was obtained from all patients before enrolment.
Randomization
Participants were randomized using a minimization method by a researcher who was not involved in this study. 16 A randomization table, which was concealed to the operators, was prepared using Excel 2010 (Microsoft Corp., Redmond, WA, USA). After stratification by an operator based on lesion location (rectum or colon), lesion morphology (a protruded, granular, laterally spreading tumor [LST-G] or a non-granular, laterally spreading tumor [LST-NG]), and lesion size (<50 mm or ≥50 mm), the participants were randomly assigned to two groups (conventional-ESD or TAC-ESD) in a 1:1 ratio 
Setting of colorectal ESD
All procedures were carried out using a standard or pediatric colonoscope (EVIS [CF-Q260DI, PCF-Q260AZI, or PCF-Q260JI]; Olympus, Tokyo, Japan) with a distal attachment (D-201-13404 or D-201-11804; Olympus). Flushknife-BT (1.5 mm, DK2618JB; Fujifilm Medical, Tokyo, Japan 17 ) was used during all ESD procedures. Coagrasper (FD-410LR; Olympus) was used to control bleeding. An electrosurgical generator (VIO 300D; ERBE, T€ ubingen, Germany) was set up. The electrical power setting for the Flushknife-BT was as follows: for the mucosal incision: endo-cut I mode effect 2, duration 3, interval 3; for the submucosal dissection: swift-coagulation mode effect 2, 50 W. The setting for the Coagrasper was soft-coagulation mode effect 4, 80 W.
Basically, the intermediates carried out ESD under close supervision by the experts. The experts took over the procedure when the intermediates encountered any of the following difficult conditions: (i) total procedure time exceeding 2 h; (ii) intraoperative perforation; (iii) inability to stop bleeding or continue the resection. ESD procedures carried out completely by the intermediates were defined as "self-completed."
Conventional ESD
First, 0.4% sodium hyaluronate (MucoUp; Boston Scientific K. K., Tokyo, Japan) was injected into the submucosa just outside the lesion. The mucosa was incised on the anal side of the lesion, after which the submucosa of the incision site was dissected. Next, the mucosal incision was extended widely, and the submucosa under the extended area was dissected. Repetitive mucosal incision and submucosal dissection is a fundamental technique for conventional colorectal ESD. 18 Finally, the mucosa was incised circumferentially around the lesion, and the submucosa of the area was dissected completely. The post-ESD mucosal defect was observed carefully with any pulsating vessels coagulated.
Traction-assisted colorectal ESD using a clip and thread
Traction-assisted colorectal ESD using a clip and thread for rectal lesions was carried out in a uniform method. 15 Before starting the procedure, a 3-0 polyester surgical thread 0.25 mm in diameter (Fig. 1a) (Natsume Seisakusho Co., Ltd, Tokyo, Japan) was tied to the teeth of a clip (Fig. 1b) (HX-610-090; Olympus) that was attached to an applicator (Fig. 1c) . Then, the colonoscope was inserted into the rectum, and TAC-ESD was started. After submucosal injection, mucosa on the anal side of the lesion was incised, after which the colonoscope was withdrawn outside the rectum. The applicator was inserted into the accessory channel of the colonoscope, and the thread was pulled back up through the channel (Fig. 1d) . After the colonoscope was reinserted into the rectum, the clip was opened and was used to grasp and anchor the anal side of the specimen. The thread outside the rectum was gently pulled by hand, resulting in good visibility of submucosa (Fig. 1e) . Once the submucosa of the dissection site was visualized, the thread was released to avoid excessive friction. If more traction was needed, the thread was again hand-pulled. After the circumferential mucosal incision was completed, submucosa was dissected easily, and complete resection was achieved (Video S1).
TAC-ESD for colonic lesions was carried out as previously described. 13, 14 Before inserting the colonoscope, a 3-0 polyester thread 3 m in length was inserted into accessory channel by grasping the end of the thread with a Coagrasper and pulling it up through the working channel. The ends of the thread were tied together outside the colonoscope (Fig. 2a) . It takes only less than 1 min for this preparation. The colonoscope was inserted, and the procedure was started. After the colonoscope reached the colonic lesion, submucosal injection, mucosal incision were carried out on the anal side of the lesion (Fig. 2b ). The thread knot was then cut externally at the hand-control end of the colonoscope, and the accessory-channel end of the thread was tied to the teeth of a clip (HX-610-090; Olympus) attached to an applicator (Fig. 2c) . The clip was not fully opened at this stage. The clip and thread was retracted into the applicator, and the applicator was inserted into the accessory channel, with the anal end of the thread being pulled (Fig. 2d) . The clip was fully opened in the colon and used to grasp and anchor the anal side of the specimen ( Digestive Endoscopy 2018; 30: 467-476 Efficacy of traction for C-ESD 469 the thread was pulled gently by hand. The traction exerted by the clip and thread was adjusted in the same way as for the rectum. After completing the circumferential mucosal incision, the submucosa was dissected easily under direct visualization ( Fig. 2f ; Video S2). Figure 3 shows the schemas of TAC-ESD for the colonic lesion.
Histological evaluation
All specimens were evaluated by experienced pathologists, and histological observations were based on the Vienna classification of gastrointestinal epithelial neoplasia. 19, 20 Tumor extension was evaluated as follows: (i) no tumor identified at the lateral or vertical margins (R0); (ii) tumor extending into the lateral or vertical margins (R1); (iii) margin of the specimen was not evaluable (RX).
Endpoints
Primary endpoint was procedure time, which was measured from the beginning of submucosal injection until separation of the lesion from the colorectal wall. Preparation time for TAC-ESD was included in the procedure time, because most TAC-ESD procedures were carried out after submucosal injection, except for making a loop of thread before intubation of the endoscope taking less than 1 min. Secondary endpoints were rate of successful TAC-ESD; the self-completion rate by the intermediates; and adverse events. Procedural success of TAC-ESD was defined as sustained application of the clip and thread to the lesion until the end of the procedure.
Sample size
Sample size was calculated based on the database. Procedure time for conventional-ESD (823 cases, January 2005 to September 2014) and TAC-ESD (20 success cases, October 2014 to March 2015) 14 were about 70 and 53 min, respectively. Although most TAC-ESD were carried out by intermediates or beginners, more than half of conventional-ESD were carried out by experts. We therefore hypothesized that a procedure time of 65 min for conventional-ESD would be reduced to 45 min using TAC-ESD, with a standard deviation of 31 min calculated based on our database consisting of conventional and TAC-ESD. To achieve an 80% power with two-sided a levels of 0.05, 76 patients were required. The final sample required was 84 patients to accommodate an attrition rate of 10%. The statistical tool in the Southwest Oncology Group statistical center (https://stattools.crab.org) was used. (Fig. 2a) , the colonoscope is inserted into the colon. (b) Mucosal incision and slight submucosal dissection is carried out (Fig. 2b) . (c) After the thread is tied to the clip (Fig. 2c,d ), clip and thread is inserted into the accessary channel. (d) Clip and thread grasps the specimen (Fig. 2e) . (e) Good visualization is obtained (Fig. 2f) . (f) En bloc resection is carried out easily. Figure 4 CONSORT flow chart of the present study. EMR, endoscopic mucosal resection; ESD, endoscopic submucosal dissection; FAP, familial adenomatous polyposis; IBD, inflammatory bowel disease; Pt, patient; TAC-ESD, traction-assisted colorectal endoscopic submucosal dissection using clip and thread.
Digestive
Statistical analysis
Results are presented as the median (range) for continuous variables. The v 2 and Fisher's exact tests were used to compare categorical data, and Mann-Whitney U-tests were used to compare continuous data where appropriate. A value of P ˂ 0.05 was considered to indicate statistical significance. JMP (version 12) software package (SAS Institute, Cary, NC, USA) was used for statistical analyses.
RESULTS
Participants in the present study B ETWEEN AUGUST 2015 and October 2016, a total of 159 patients with SCN ≥20 mm were referred to our hospital. Of these, 74 patients were excluded. Thus, 85 patients were enrolled and randomly assigned. Among them, 43 were assigned to the conventional-ESD group and 42 to the TAC-ESD group. As one patient underwent EMR because the lesion was not as large as expected, 84 patients with 84 lesions were included in the analysis (Fig. 4 ). Table 1 shows the clinical characteristics of the study groups. Overall, 34 lesions (81%) in each group were in the colon and eight (19%) were in the rectum.
Characteristics
Clinicopathological features
There were no differences in clinicopathological features of resected lesions between groups ( Table 2 ). All lesions were resected en bloc. Two patients in the conventional-ESD group showed deep submucosal invasion. Additional surgery was recommended, but they requested careful follow up instead. Conversely, four patients who showed Among the three lesions, two extended into the basal margins: one had SM invasion of ≥7000 lm, and the other had SM invasion of ≥8000 lm. The lateral margin of one lesion was not evaluable. ESD, endoscopic submucosal dissection; SM, submucosal invasion; TAC-ESD, traction-assisted colorectal ESD. deep submucosal invasion and/or lymphovascular involvement in the TAC-ESD group underwent additional surgery.
Procedure time and other outcomes
Median procedure time was significantly shorter in the TAC-ESD group than in the conventional-ESD group (40 min vs 70 min, respectively; P < 0.0001) (Fig. 5) . In subgroup analyses, procedure time was significantly shorter in the TAC-ESD group than in the conventional-ESD group for both colonic and rectal lesions (Fig. 6 ). Success rate of TAC-ESD was 95% (40/42). Two failures of TAC-ESD occurred in patients with proximal lesions (one in the ascending and the other in the transverse colon). Self-completion rate for the intermediates was significantly higher in the TAC-ESD group than in the conventional-ESD group (100% vs 90%, respectively, P = 0.04) ( Table 3 ). The procedures were taken over and completed by experts in four cases because of long procedure time (n = 3) and intraoperative perforation (n = 1). Intraoperative perforation occurred in the conventional-ESD group (2%) and was managed conservatively. Delayed perforation occurred in the TAC-ESD group in one lesion located in the cecum (2%) for which emergency ileocecal resection was carried out (Table 3 ). There were no fatal adverse events.
Subgroup analyses by operator
Intermediates carried out 79 colorectal ESD. Among them, 40 patients underwent conventional-ESD, and 39 underwent 
TAC-ESD. Procedure time for the intermediates was significantly shorter in the TAC-ESD group than in the conventional-ESD group (43 min vs 68 min, respectively; P < 0.0001) ( Table 4) . Tables S1 and S2 show treatment outcomes according to lesion location (rectum or colon).
Subgroup analyses by location of the lesion
DISCUSSION
I N THIS TRIAL, we showed the effectiveness of TAC-ESD. Use of TAC-ESD shortened the procedure time and increased the self-completion rate by the intermediates compared with that in conventional-ESD. TAC-ESD proved to be a simple, safe technique, with a satisfactorily high rate of success.
TAC-ESD has five benefits that make colorectal ESD easier. The greatest impact of TAC-ESD is that it enables and maintains good visualization of the submucosa, which remains in the visible endoscopic field during submucosal dissection. Besides, the vessels and muscle layer are clearly visualized, so we can dissect the precise layer and prevent intraoperative bleeding and perforation. In fact, no intraoperative perforation occurred in the TAC-ESD group. Second, good traction decreases the contact area between dissection site and Flushknife. Density of the electrical current increases as the contact area decreases, thereby enabling more efficient dissection and resulting in increased dissection speed. 21 This advantage was reflected in the shorter procedure time for TAC-ESD. Third, a clip and thread fixes the specimen, which is part of the colorectal wall, thus preventing movement of the colorectal wall as a result of respiration or arterial pulsation, and it facilitates handling of the colonoscope. Thus, intermediates completed the procedure by themselves. Fourth, the TAC-ESD strategy is simple. After applying the clip and thread, we carried out a circumferential mucosal incision and submucosal dissection. There was no need to change the strategy according to location or size during TAC-ESD. Fifth, TAC-ESD can be carried out worldwide because it does not require special devices.
Several traction techniques, including S-O clip, 22 ringshaped thread traction, 23 cross-counter technique, 24 clipand-snare method, 25 and clip flap 26 have been developed to facilitate colorectal ESD. Although these techniques can create good traction and decrease procedure time, they are not used extensively because of their limitations. S-O clip and ring-shaped thread traction 22, 23 are unable to decrease movement of the colorectal wall or control the traction force. As the dissection proceeds, the traction force is likely to become weak and additional devices are needed in some cases. Indeed, removal of the specimen and these devices after ESD is slightly complicated because these devices are anchored to the opposite colorectal mucosa. Cross-counter technique and clip-and-snare method enable us to adjust the traction force, 24, 25 but they need a balloon overtube for application. Clip flap is simple and effective, but it is an indirect traction method which strengthens the traction force by gravity. Thus, it does not always provide sufficient traction. 26 To overcome these problems, we modified the "clip-with-line" method [27] [28] [29] [30] [31] and developed TAC-ESD, which does not require withdrawal of the colonoscope.
However, TAC-ESD has a weak point. Success rate of TAC-ESD was not perfect. The clip and thread detached from two proximal lesions during submucosal dissection. Controlling traction force precisely in the proximal colon should be done cautiously because the air volume and peristalsis in the colon could strengthen the traction force. Indeed, maneuvering the thread too strongly could produce too much friction on the clip and thread. Thus, once good visualization of the dissection site is obtained, we never pull the thread strongly, thereby avoiding excessive traction force and friction.
The present study had some limitations. First, it was a single-center study mainly carried out by two intermediates who had performed TAC-ESD prior to this study. The outcomes might be affected by their previous experience with TAC-ESD, so we had to take the learning curve of TAC-ESD into consideration. It is also important to improve the self-completion rate of beginners if we wish to increase the use of colorectal ESD worldwide. Therefore, multicenter trials that include procedure-naive, beginner operators are warranted to confirm the validity of this study. Second, SCN in difficult locations or situations were excluded. Although we have already reported the use of TAC-ESD in difficult situations, 32, 33 the real efficacy of TAC-ESD for these lesions remains unknown. Finally, we could not conceal the treatment group because the operators were aware of group allocation during the procedure. Therefore, this trial had to be an open one. That said, the mean procedure time for the conventional-ESD group was 70 min (longer than that for the TAC-ESD group but not substantially longer than those previously reported 18 ). These data show only that we did not waste time during the procedure.
In conclusion, we conducted the first randomized controlled trial to compare TAC-ESD with conventional-ESD. TAC-ESD by the intermediates was found to be efficient for reducing procedure time.
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Table S1 Clinicopathological features and outcomes of rectal endoscopic submucosal dissection (ESD) by the intermediates Table S2 Clinicopathological features and outcomes of colonic endoscopic submucosal dissection (ESD) by the intermediates Video S1 Traction-assisted colorectal endoscopic submucosal resection (TAC-ESD) for a superficial rectal neoplasm. Prior to the procedure, a surgical thread is tied to the teeth of a clip. Then, a clip and thread is retracted into the applicator. Next, the endoscope is inserted into the rectum. A 4-cm lesion is located in the rectum. After a mucosal incision, the endoscope is withdrawn outside the rectum. The applicator loaded with a clip and thread is inserted into the accessory channel. Then, the endoscope is reinserted into the rectum, and the anal side of the specimen is grasped by the clip and thread. The thread is pulled gently, resulting in good visualization of the submucosal layer.
Video S2 Traction-assisted colorectal endoscopic submucosal resection (TAC-ESD) for a superficial colonic neoplasm. Prior to endoscopic insertion, a thread is inserted into the accessory channel and tied outside the endoscope. The endoscope is then inserted into the colon. A 4-cm lesion is located in the cecum. After a mucosal incision, the knot of the thread is cut, and the accessory channel end of the thread is tied to the teeth of a clip. An applicator loaded with the clip and thread is inserted into the accessory channel. After the clip is fully opened inside the colon, the anal side of the specimen is grasped by the clip and thread. Finally, good visualization of the submucosal layer is obtained, and the lesion is easily dissected.
